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(54) MULTICARRIER-CDMA COMMUNICATIDN DEVICE_ 



(57) A multi-carrier CDMA communication appara- 
tus that suppresses peak power of a multi-carrier signal 
while suppressing reduction of the transmission efficien- 
cy. Serial/parallel conversion section 101 converts 
transmission data with a single sequence to transmis- 
sion data with a plurality of sequences. Spreading sec- 
tions 102-1 to 102-4 perform spreading processing on 
transmission data with the 1st to 4th sequence. IFFT 



section "103 multiplexes the transmission data with the 
1 st to 4th sequence on the 1st to 4th subcarriers respec- 
tively to generate a multi-carrier signal. Peak detection 
section 1 04 detects peak power of the generated multi- 
carrier signal. Chip transmission stopping section 105 
outputs a multi-carrier signal whose peak power is not 
greater than a threshold to D/A conversion section 106 
using the detection result of peak detection section 1 04. 
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Description 1 

Technical Field 

[0001 ] The present invention relates to a multi-carrier 
CDMA communication apparatus, and more particular- 
ly, to a multi-carrier CDMA communication apparatus 
combining a multi-carrier transmission system and a 
CDMA transmission system. 

Background Art 

[0002] A multi-carrier CDMA communication which 
combines a multi-carriertransmission system and a CD- 
MA transmission system is becoming a focus of atten- 
tion and investigations into this system are being active- 
ly pursued recently. This multi-carrier CDMA system is 
generally categorized as an "MC/DS-CDMA system" 
and "MC-CDMA system". A communication apparatus 
using each of the above-described systems will be ex- 
plained below. 

[0003] 1st, a communication apparatus using the MC/ 
DS-CDMA system (hereinafter simply referred to as 
"MC/DS-CDMA communication apparatus") will be ex- 
plained with reference to FIG.1 to FIG.4. FIG.1 is a block 
diagram showing a configuration of a conventional MC/ 
DS-CDMA communication apparatus. FIG.2 is a sche- 
matic view conceptually showing transmission data to 
-be input-to-the-conventional-MC/DS-CDMA communi- 
cation apparatus. FIG.3 is a schematic view conceptu- 
aMy Showing transmission data with a p I u ral i ty of" se- 
quences in the conventional MC/DS-CDMA communi- 
cation apparatus. FIG.4 is a schematic view conceptu- 
ally showing transmission data with a plurality of se- 
quences after spreading processing in the conventional 
MC/DS-CDMA communication apparatus. 
[0004] In FIG.1 , transmission data with a single se- 
quence (e.g., transmission data corresponding to N 
symbols: see FIG.2) is converted to transmission data 
with a plurality of sequences by serial/parallel (herein- 
after referred to as "S/P") conversion section 11 (see 
FIG.3). Here, the number of sequences corresponds to 
the total number of subcarriers (N). For convenience of 
explanation, the transmission data with a plurality of se- 
quences shown in FIG.1 is called "transmission data 
with a 1st to Nth sequence" from top to bottom. Here, 
the transmission data with the 1 st to the Nth symbol cor- 
responds to the transmission data with the 1st to Nth 
sequence. 

[0005] The transmission data with the 1st to Nth se- 
quence are subjected to spreading processing by 
spreading section 12-1 to spreading section 12-N using 
a spreading code with spreading factor M, respectively. 
This causes the transmission data from the 1st to Nth 
sequence to become chip-based signals with frequency 
bands spread M times as shown in FIG.4. For example, 
the transmission data with the 1 st sequence is subjected 
to spreading processing whereby its frequency band is 



spread M times and converted to a chip-based signal 
made up of 1st chip 21-1 to Mth chip 21 -M. 
[0006] Inverse Fast FourierTransform (hereinafter re- 
ferred to as "IFFT") section 13 carries out IFFTprocess- 

5 ing (that is, frequency division multiplexing processing) 
using the transmission data with the 1 st to Nth sequence 
after the spreading processing. This frequency division 
multiplexing processing generates a multi-carrier signal 
with the transmission data with the 1 st to Nth sequence 

10 afterthe spreading processing multiplexed on the 1st to 
Nth subcarrier, respectively. 

[0007] Then, a communication apparatus using an 
MC-CDMA system (hereinafter simply referred to as 
"MC-CDMA communication apparatus") will be ex- 
15 plained with reference to FIG. 5 to FIG.7. FIG.5 is ablock 
diagram showing a configuration of a conventional 
MC-CDMA communication apparatus. FIG.6 is a sche- 
matic view conceptually showing transmission data with 
a single sequence after spreading processing at the 
20 conventional MC-CDMA communication apparatus. 
FIG.7 is a schematic view conceptually showing trans- 
mission data with a plurality of sequences of the -con- 
ventional MC-CDMA communication apparatus. 
[0008] In FIG.5, transmission data with a single se- 
25 quence (e.g., transmission data corresponding to N 
symbols: see FIG.2) is subjected to spreading process- 
ing by spreading section 31 using a spreading code with 
spreading factor M. This causes the transmission data 

with-a single sequence-to-become a chip-based signal 

30 with its frequency band spread M times (1st chip 41 -1 
loW>^~)thchiP ~4r\FM) as¥hbwnln FTG.6. For example, 
the transmission data with the 1st symbol is subjected 
to spreading processing with its frequency band spread 
M times and becomes a chip-based signal made up of 
35 1 st chip 41-1 to Mth chip 41 -M. 

[0009] The transmission data with a single sequence 
after the spreading processing is converted to transmis- 
sion data with a plurality of sequences by S/P conver- 
sion section 32. The number of sequences here corre- 
40 sponds to the total number of subcarriers (MxN). For 
convenience of explanation, the transmission data with 
a plurality of sequences shown in FIG.5 is called "trans- 
mission data from the 1st to (MxN)th sequence" from 
top to bottom. Here, 1st chip 41-1 to (MxN)th chip4N-M 
45 become transmission data with the 1 st sequence to the 
(MxN)th sequence as shown in "FIG.7. 
[0010] IFFT section 33 carries out IFFT processing 
using the transmission data with the 1 st sequence to the 
(MxN)th sequence. This IFFT processing generates a 
so multi-carrier signal with the transmission data with the 
1st to (MxN)th sequence multiplexed on the 1st to 
(MxN)th subcarrier, respectively. 
[0011] However, the above-described conventional 
multi-carrier CDMA systemcommunication involves the 
55 following problems. That is, the multi-carrier transmis- 
sion system has a defect that peak power with respect 
to average power of a multi-carrier signal increases in 
proportion to the number of subcarriers. This increases 
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the influence of non-linear distortion on a power ampli- 
fication section, increasing out-of-band spectral emis- 
sions. Such a problem can also occur in a multi-carrier 
CDMA system combining a multi-carrier transmission 
system and CDMA transmission system in the same 
way. 

[001 2] To solve this problem, a method of suppressing 
peak power of a multi-carrier signal is proposed in multi- 
carrier transmission, which consists of generating a 
compensation signal whose phase is opposite to the 
phase of a multi-carrier signal at a time at which peak 
power exceeding a threshold appears and generating a 
multi-carrier signal with this signal placed on a specific 
subcarrier called a "compensation carrier" (a subcarrier 
provided independently of subcarriers to transmit an in- 
formation signals) (TECHNICAL REPORT OF IEICE 
RCS99-144 (1999-11)) "Peak Power Suppression 
Method using Parity Carrier in Multi-Carrier Transmis- 
sion"). This method is also applicable to a multi-carrier 
CDMA system. 

[0013] However, when such a method is applied, al- 
though it is possible to suppress peak power of a multi- 
carrier signal with a compensation signal placed on a 
compensation carrier, the total number of subcarriers to 
transmit information signals is reduced by an amount 
corresponding to this compensation earner. That is, the 
compensation carrier can be said to be a subcarrier that 
contributes to suppression of peak power, but not to in- 
formation transmission. As a result : th is produces a new_ 
problem of reducing the transmission efficiency in the 
above-described conventional multi-carrier CDMA 
transmission. 

Disclosure of Invention 

[0014] It is an object of the present invention to pro- 
vide a multi-carrier CDMA communication apparatus 
capable of suppressing peak power of a multi-carrier 
signal while suppressing reduction of the transmission 
efficiency. 

[0015] According to a mode of the present invention, 
the multi-carrier CDMA communication apparatus in- 
cludes converting means for converting an information 
signal with a single sequence to information signals with 
a plurality of sequences subjected to spreading 
processing, generating means for multiplexing the 
above-described spread information signals with a plu- 
rality of sequences on their respective sequence-spe- 
cific carriers to generate a multi-carrier signal, peak 
power detecting means for detecting peak power of the 
above-described multi-carrier signal and transmitting 
means for transmitting only a multi-carrier signal whose 
peak power is not greater than a threshold. 



Brief Description of Drawings 
[0016] 

5 -FIG.1 is ac-lock diagram showing aconfiguration of 
a -conventional MC/DS-CDMA communication ap- 
paratus; 

FIG .2 is a schematic view conceptually showing 
transmission data to be input to the conventional 
10 MC/DS-CDMA communication apparatus; 

FK3.3 is a schematic view conceptually showing 
transmission data with a plurality of sequences in 
the conventional MC/DS-CDMA communication 
apparatus; 

15 FIG.4 is a schematic view conceptually showing 
transmission data with a plurality of sequences after 
spreading processing in the conventional MC/ 
DS-CDMA communication apparatus; 
EK3.5 is a block diagram showing aconfiguration of 

20 a conventional MC-CDMA communication appara- 
tus; 

FIG.6 is a schematic view conceptually showing 
transmission data with a single sequence after 
spreading processing at the conventional MC-CD- 

25 MA communication apparatus; 

FIG .7 is a schematic view conceptually showing 
transmission data with a plurality of sequences at 
the conventional MC-CDMA communication appa- 

. __ratus; . 

30 FIG.8 is a block diagram showing aconfiguration of 
a transmission apparatus equipped with a multi-car- 
rier CDMA communication apparatus according to 
Embodiment 1 of the present invention; 
FIG.9 is a block diagram showing a configuration of 

35 a reception apparatus equipped with the multi-car- 
rier CDMA communication apparatus according to 
Embodiment 1 ; 

FIG. 10 is a schematic view conceptually showing 
an example of transmission data to be input to a 
40 transmission apparatus equipped with the multi- 
carrier CDMA communication apparatus according 
to Embodiment 1 ; 

FIG. 11 is a schematic view conceptually showing 
an example of transmission data with a plurality of 

45 sequences at the transmission apparatus equipped 

with the multi-carrier CDMA communication appa- 
ratus according to Embodiment 1 ; 
FK3.12 is a -schematic view conceptually showing 
transmission data with a plurality of sequences after 

so spreading processing at the transmission appara- 
tus equipped with the multi-carrier CDMA commu- 
nication apparatus according to Embodiment 1 ; 
FIG. 13 is a block diagram showing a configuration 
of a transmission apparatus equipped with a multi- 

55 carrier CDMAcommunication apparatus according 
to Embodiment 2 of the present invention; 
FIG. 14 is a block diagram showing a configuration 
of a transmission apparatus equipped with a multi- 
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carrier CDMA communication apparatus according 
to Embodiment 3 of the present invention; 
FIG.15 is a block diagram showing a configuration 
of a reception apparatus equipped with the multi- 
carrier CDMA communication apparatus according 
to Embodiment 3; 

FIG. 16 is a schematic view conceptually showing 
transmission data with a single sequence after 
spreading processing at the transmission appara- 
tus equipped with the multi-carrier CDMA commu- 
nication apparatus according to Embodiment 3; 
FIG. 17 is a schematic view conceptually showing 
transmission data with a plurality of sequences at 
the transmission apparatus equipped with the multi- 
carrier CDMA communication apparatus according 
to Embodiment 3; 

FIG, 18 is a block diagram showing a configuration 
of a transmission apparatus equipped with a multi- 
carrier CDMA communication apparatus according 
to Embodiment 4 of the present invention; 
FIG.19 is a block diagram showing a configuration 
of a transmission apparatus equipped with a multi- 
carrier CDMA communication apparatus according 
to Embodiment 5 of the present invention; 
FIG.20 is a block diagram showing a configuration 
of a transmission apparatus equipped with a multi- 
carrier CDMA communication apparatus according 
to Embodiment 6 of the present invention; 
- -FIG.21~is-a block-diagram-showing a configuration- 
of a reception apparatus equippedjvith the multi- 
caFrlerCDMAcommu^^ according 
to Embodiment 6; 

FIG.22 is a block diagram showing a configuration 
of a transmission apparatus equipped with a multi- 
carrier CDMA communication apparatus according 
to Embodiment 7 of the present invention; and 
FIG.23 is a block diagram showing a configuration 
of a transmission apparatus equipped with a multi- 
carrier CDMA communication apparatus according 
to Embodiment 8 of the present invention. 

Best Mode for Carrying out the Invention 

[0017] It is a main subject of the present invention to 
generate a multi-carrier signal by multiplexing informa- 
tion signals on all subcarriers, and, when peak power in 
excess of a threshold is generated in the multi-carrier 
signal generated, not sending this multi-carrier signal or 
multiplexing a signal to suppress peak power on at least 
one of all subcarriers and regenerating the multi-carrier 
signal when peak power exceeds the threshold. 
[0018] With reference now to the attached drawings, 
embodiments of the present invention will be explained 
in detail below. 

(Embodiment 1) 

[0019] This embodiment will describe a case that 



transmission of a multi-carrier signal whose peak power 
exceeds a threshold is stopped in an MC/DS-CDMA 
system. FIG.8 is a block diagram showing a configura- 
tion of a transmission apparatus equipped with a multi- 
5 carrier CDMA communication apparatus according to 
Embodiment 1 of the present invention. 
[0020] In FIG. 8, S/P conversion section 101 converts 
transmission data with a single sequence to transmis- 
sion data with a plurality of sequences. Spreading sec- 
10 tion 102-1 to spreading section 102-4 carry out spread- 
ing processing on the transmission data from S/P con- 
version section 101 . IFFT section 103 generates multi- 
carrier signals on a chip-by-chip basis by carrying out 
IFFT processing (frequency division multiplexing 
15 processing) using transmission data with a plurality of 
sequences after the spreading processing. 
[0021] Peak detection section 104 detects on a chip- 
by-chip basis whether peak power in excess of a thresh- 
old is generated in the multi-carrier signal generated or 
20 not and sends the detection result to chip transmission 
stopping section 105. Chip transmission stopping sec- 
tion 1 05 controls the output of the multi-carrier signal 
generated to D/A conversion section 1 06 based on the 
detection result from peak detection section 1 04. 
25 [0022] D/A conversion section 1 06 converts the multi- 
carrier signal from chip transmission stopping section 
105 to an analog signal. Multiplication section 1 08 mul- 
tiplies the multi-carrier signal converted to the analog 

signally a local signal from oscillator-107-to carry out 

30 modulation processing on the multi-carrier signal, which 
has been converted to the analog signal. The multi-car- 
rier signal subjected to the modulation processing is 
sent to a communication party via antenna 109. 
[0023] FIG.9 is a block diagram showing aconfigura- 
35 tion of a reception apparatus equipped with the multi- 
carrier CDMA communication apparatus according to 
Embodiment 1 of the present invention. In FIG.9, the sig- 
nal sent from the communication party is received by 
antenna 201 . The above-described communication par- 
40 ty is equipped with the transmission apparatus shown 
in FIG.8. 

[0024] Multiplication section 203 generates a demod- 
ulated signal by multiplying the signal received from an- 
tenna 201 (received signal) by a local signal from oscil- 
45 lator 202. A/D conversion section 204 converts the de- 
modulated signal generated to a digital signal. 
[0025] FFT section 205 carries out Fast Fourier 
Transform (hereinafter referred to as "FFT") on the de- 
modulated signal converted to the digital signal and ex- 
50 tracts a signal transmitted by each subcarrier. 

[0026] Despreading section 206-1 to despreading 
section 206-4 carry out despreading processing on the 
signals transmitted by the respective subcarriers. Par- 
allel/serial (hereinafter referred to as "P/S") conversion 
55 section 207 converts the despread signals from de- 
spreading section 206-1 to despreading section 206-4 
to decoded data with a single sequence. 
[0027] Then, operations of the transmission appara- 



4 



BNSDOCIO: <EP 1213864A1_I_> 



EP1 213 864 A1 



tus and reception apparatus equipped with the multi- 
carrier CDMA communication apparatus according to 
this embodiment will be explained. 1st, an operation of 
the above-described transmission apparatus will be ex- 
plained with reference to FK3.10 to FIG. 12 in addition to 
FIG.8. 

[0028] FIG. 1 0 is a schematic view conceptually show- 
ing an example of transmission data to be input to the 
transmission apparatus equipped with the multi-carrier 
CDMA communication apparatus according to Embod- 
iment 1 of the present invention. FIG. 11 is a schematic 
view conceptually showing an example of transmission 
data with a plurality of sequences at the transmission 
apparatus equipped with the multi-carrier CDMA com- 
munication apparatus according to Embodiment 1 of the 
present invention. FIG. 12 is a schematic view concep- 
tually showing transmission data with a plurality of se- 
quences after spreading processing at the transmission 
apparatus equipped with the multi-carrier CDMA com- 
munication apparatus according to Embodiment 1 of the 
present invention. 

[0029] In FIG.8, transmission data with a single se- 
quence (here, for example, transmission data corre- 
sponding to 4 symbols: see FIG.1 0) is converted to 
transmission data with a plurality of sequences by S/P 
conversion section 101. The number of sequences here 
corresponds to the total number of subcarriers (e.g., 4). 
For convenience of explanation, suppose the transmis- 
sion data-with-a plurality-of-sequences-shownin-FIG.8- 
is transmission data with a 1 st to4th sequence from top 
to bottom. Here, transn^ssion data with symbol 301 to 
symbol 304 becomes transmission data with the 1st to 
4th sequence as shown in FIG.11. 
[0030] The transmission data with the 1st to 4th se- 
quence is subjected to spreading processing by spread- 
ing section 1 02-1 to spreading section 1 02-4 respective- 
ly. For ease of explanation, suppose each spreading 
section uses a spreading code with spreading factor 5 
as an example. The transmission data with the 1st to 
4th sequence through this spreading processing be- 
comes chip-based signals with their frequency bands 
spread 5 times as shown in FIG. 12. For example, the 
transmission data with the 1 st sequence is subjected to 
spreading processing with its frequency band spread 5 
times and becomes a chip-based signal having chip 
501-1 to chip 501 -5. 

[0031] IFFT section 103 carries out IFFT processing 
(that is, frequency division multiplexing processing) us- 
ing the transmission data (information signals) with the 
1 st to 4th sequence after the spreading processing. This 
frequency division multiplexing processing generates a 
multi-carrier signal with the transmission data with the 
1st to 4th sequence after the spreading processing mul- 
tiplexed on the 1 st subcarrier to 4th subcarrier on a chip- 
by-chip basis. For example, at time T3, a multi-carrier 
signal is generated with chip 501 -3 of transmission data 
with the 1st sequence, chip 502-3 of transmission data 
with the 2nd sequence, chip 503-3 of transmission data 



with the 3rd sequence and chip 504-3 of transmission 
data with the 4th sequence multiplexed on the 1 st sub- 
carrierto4th subcarriers, respectively (see FIG.1 2). The 
chip-based multi-carriersignal generated is sent to peak 
5 detection section 104 and chip transmission stopping 
section 105. 

[0032] Peak detection section 104 measures power 
of the multi-carrier signal from IFFT section 103 on a 
chip-by-chip basis and detects whether peak power ex- 
10 ceeding a threshold has occurred in the multi-carriersig- 
nal on each chip or not. The detection result is sent to 
chip transmission stopping section 105. 
[0033] Chip transmission stopping section 105 out- 
puts the multi-carrier signal generated to D/A conver- 
ts sion section 106 based on the detection result from peak 
detection section 104 on a chip-by-chip basis. That is, 
a multi-carrier signal on a chip where no peak power 
exceeding a threshold is detected is sent to D/A conver- 
sion section 1 06 and on the contrary, a multi-carrier sig- 
20 nal on a chip where peak power exceeding a threshold 
is detected is not sent to D/A conversion -section 106 
and discarded. As a result, instead of a multi-carrier sig- 
nal on a chip where peak power exceeding a threshold 
is detected, a signal whose amplitude is quasi-zero is 
25 output to D/A conversion section 106. 

[0034] For example, with reference to FIG.1 2, sup- 
pose attention is focused on the multi carrier signal gen- 
erated at time T3 (multi-carrier signal on the 3rd chip). 

The-mutti-carrier-signal generated at time T3 is a signal 

30 generated with chip 501 -3 of the transmission data witti 
the "1st sequence"; chip 502-3 of the transmission data 
with the 2nd sequence, chip 503-3 of the transmission 
data with the 3rd sequence and chip 504-3 of the trans- 
mission data with the 4th sequence multiplexed on the 
35 1st to 4th subcarriers, respectively. In the case where 
peak detection section 1 04 detects that peak power ex- 
ceeding a threshold has occurred in the multi-carriersig- 
nal on this 3rd chip, this multi-carrier signal is not output 
to D/A conversion section 106 but discarded by chip 
40 transmission stopping section 1 05. 

[0035] In this case, symbol 301 to symbol 304 trans- 
mitted from the 1 st subcarrier to 4th subcarrier respec- 
tively lack one chip (each representing information on 
chip 501 -3 to chip 504-3). 
45 [0036] The multi-carrier signal from chip transmission 
stopping section 105 is converted to an analog signal 
by D/A conversion section 1 06, then multiplied by a local 
signal from oscillator 107 by multiplication section 108 
and subjected to modulation processing. The multi-car- 
so rier signal after modulation processing is sent to the 
communication party through antenna 109. 
[0037] Then, an operation of the above-described re- 
ception apparatus will be explained with reference to 
FIG. 9. In FIG.9, the signal sent from the above-de- 
55 scribed transmission apparatus is received by antenna 
201 . The signal received by antenna 201 (received sig- 
nal) is multiplied by the local signal from oscillator 202 
by multiplication section 203 to generate a demodulated 
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signal. The demodulated signal generated is subjected 
to A/D conversion processing by A/D conversion section 

204 into a digital signal. 

[0038] The demodulated signal converted to a digital 
signal is subjected to FFT processing by FFT section 

205 and the respective signals transmitted from the 1st 
to 4th subcarriers are then extracted. That is, FFT sec- 
tion 205 extracts the 1st to 4th demodulated signals. 
[0039} The 1st to 4th demodulated signals extracted 
by FFT section 205 are subjected to despreading 
processing by despreading section 206-1 to despread- 
ing section 206-4 and then subjected to symbol deci- 
sion. It goes without saying that the spreading code 
used for despreading section 206-1 to despreading sec- 
tion 206-4 is the same spreading code used for spread- 
ing section 102-1 to spreading section 102-4 shown in 
Fig1. 

[0040] Here, since the above-described transmission 
apparatus does not transmitted a multi-carrier signal on 
chips whose peak power exceeds a threshold, the 1st 
demodulated signal to 4th demodulated signal extracted 
from FFT section 205 may lack the relevant chips. For 
example, with reference to FIG. 12, in the case where 
the transmission apparatus detects peak power exceed- 
ing a threshold in the multi-carrier signal generated at 
time T3, chips 501-3 to 504-3 are not sent, and therefore 
the 1 st to 4th demodulated signals become signals lack- 
ing chips 501-3 to 504-3, respectively at the reception 

apparatus: : 

[0041] However, with reference to FIG.10 to FIG. 12, 
each symbol is decomposed to a plurality of chips 
through spreading processing and sent. For example, 
symbol 301 is decomposed to 5 chips of chips 501 -1 to 
505-5 by spreading processing and sent. 
[0042] Therefore, even if the 1st to 4th modulated sig- 
nals are signals lacking some chips, despreading sec- 
tion 206-1 to despreading section 206-4 can perform ap- 
propriate symbol decision using the despread 1st to 4th 
demodulated signals. More specifically, with reference 
to FIG.10 to FIG. 12, even if the multi-carrier signal gen- 
erated at time T3 has not been sent, symbol 301 , form 
example, is subjected to appropriate symbol decision 
based on signals obtained by despreading chips 501 -1 , 
501-2, 501-4 and 501-5. 

[0043] The signals subjected to symbol decision by 
despreading section 206-1 to despreading section 
206-4 are converted to decoded data with a single se- 
quence by P/S conversion section 207. 
[0044] Thus, instead of providing subcarriers for 
transmitting only compensation signals for suppressing 
peak power in a fixed manner and subcarriers for trans- 
mitting only information signals, this embodiment pro- 
vides all subcarriers as subcarriers for transmitting in- 
formation signals and then multiplexes information sig- 
nals subjected to spreading processing on these sub- 
carriers to generate multi-carrier signals on a chip-by- 
chip basis. This suppresses reduction of the transmis- 
sion efficiency. 



[0045] Furthermore, while transmitting a multi-carrier 
signal whose peak power is not greater than a threshold 
as it is, this embodiment is not to send a multi-carrier 
signal whose peak power exceeds a threshold, and can 
5 thereby suppress influences of non-linear distortion of 
a power amplifier. 

[0046] Furthermore, each symbol is decomposed to 
a plurality of chips through spreading processing and 
sent. Therefore, even if some chips included in each 

10 symbol are not sent (missing), each symbol is subjected 
to appropriate symbol decision through despreading 
processing and reproduced at the reception apparatus. 
[0047] As shown above, according to this embodi- 
ment, it is possible to suppress peak power of a multi- 

15 carrier signal while suppressing reduction of the trans- 
mission efficiency. 

(Embodiment 2) 

20 [0048] This embodiment will describe a case where 
transmission by at least one of all subcarriers is stopped 
for a multi-carrier signal whose peak power exceeds a 
threshold in Embodiment 1 . FIG.13 is a block diagram 
showing a configuration of a transmission apparatus 

25 equipped with a multi-carrier CDMA communication ap- 
paratus according to Embodiment 2 of the present in- 
vention. 

[0049] In FIG.13, under the control of transmission 
stopping carrier deciding section 604 T which will be de- 
30 scribed later, selection section 601 outputs at (east one 
of transmission data with the 1st to 4th sequence after 
spreading processing from spreading sections 102-1 to 
1 02-4 to IFFT section 602. 

[0050] IFFT section 602, under the control of peakde- 
35 tection section 603, which will be described later, carries 
out IFFT processing using transmission data after 
spreading processing and generates multi-carrier sig- 
nals on a chip-by-chip basis. Furthermore, IFFT section 
602, under the control of peak detection section 603, 
40 outputs only multi-carrier signals on chips where no 
peak power exceeding a threshold has occurred to D/A 
conversion section 106. 

[0051] Peak detection section 603 detects whether 
peak power exceeding a threshold has occurred or not 

45 jn the multi-carrier signals generated on a chip-by-chip 
basis and outputs the detection result to transmission 
stopping carrier deciding section 604. Furthermore, 
peak detection section 603 controls IFFT section 602 so 
that multi-carrier signals on chips where peak powerex- 

50 ceeding a threshold has occurred are regenerated. 
[0052] Of the transmission datawiththe 1stto4th se- 
quence, transmission stopping carrier deciding section 
604 decides the transmission data to be output by se- 
lection section 601 to IFFT section 602 according to the 

55 detection result from peak detection section 603. Fur- 
thermore, transmission stopping -carrier deciding sec- 
tion 604 controls selection section 601 so that the de- 
cided transmission data is output to FFT section'602. 
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[0053] By the way, the configuration of the reception 
apparatus carrying out a radio communication with the 
transmission apparatus shown in FIG.1 3 is the same as 
that of the reception apparatus (FIG.9) in Embodiment 
1 , and therefore detailed explanations thereof are omit- 
ted. 

[0054] Then, operations of the transmission appara- 
tus and reception apparatus equipped with the multi- 
carrier CDMA communication apparatus according to 
this embodiment will be explained. Detailed explana- 
tions of the same operations in this embodiment as 
those in Embodiment 1 are omitted. 
[0055] In FIG.13, the transmission data with the 1st 
to 4th sequence is subjected to spreading processing 
by spreading sections 102-1 to 102-4 and then output 
to selection section 601 . Selection section 601 is nor- 
mally controlled by transmission stopping earner decid- 
ing section 604 so that the transmission data with the 
1st to 4th sequence is output to IFFT section 602. Thus, 
the transmission data with the 1st to 4th sequence sub- 
jected to spreading processing is output from selection 
section 601 to IFFT section 602. 
[0056] IFFT section 602 carries out IFFT processing 
using the transmission data with the 1st to 4th sequence 
after spreading processing. This IFFT processing gen- 
erates a multi-carrier signal with the transmission data 
with the 1 st to 4th sequence after spreading processing 
multiplexed on the 1st to 4th subcarriers, respectively. 
-The chip-based multi-carrier-signal generated-is output— 
to peak detection s^cWoni.603. _ ___ __ 

[0057] "Peak detection section 603 measures power 
of the multi-carrier signal from IFFT section 602 on a 
chlp-by-chip basis and detects whether peak power ex- 
ceeding a threshold has occurred or not in the multi-car- 
rier signal on each chip. 

[0058] Here, if peak power exceeding a threshold has 
not occurred in the multi-carrier signal on a certain chip, 
a control signal instructing that a multi-carrier signal on 
this chip should be output to D/A conversion section 106 
is output from peak detection section 603 to IFFT sec- 
tion 602. As a result, a multi-carrier signal on a chip 
whose peak power is not greater than a threshold is out- 
put from IFFT section 602 to D/A conversion section 
106. 

[0059] On the other hand, in the case where peak 
power exceeding a threshold has occurred in a multi- 
carrier signal on a chip, a control signal instructing that 
a multi-carrier signal on this chip should be regenerated 
is output from peak detection section 603 to IFFT sec- 
tion 602 and the information that peak power exceeding 
a threshold has occurred in a multi-carrier signal on this 
chip is output from peak detection section 603 to trans- 
mission stopping carrier deciding section 604. 
[0060] Of the transmission data with the 1 st to 4th se- 
quence, transmission stopping carrier deciding section 
604 decides transmission data to be output to IFFT sec- 
tion 602. The transmission data to be output to IFFT sec- 
tion 602 may be selected randomly from the transmis- 



sion data with the 1st to 4th sequence or preset trans- 
mission data may be selected from the transmission da- 
ta with the 1st to 4th sequence. 

[0061] To improve the characteristic of the received 
5 signal at the reception apparatus, this embodiment se- 
lects three pieces of transmission data {e.g., transmis- 
sion data with the 1st to 3rd sequence) of the transmis- 
sion data with the 1 st to 4th sequence at the time of the 
1st regeneration and selects three pieces of transmis- 
10 sion data (e.g., transmission data with the 1 st, 2nd and 
4th sequence) at the time of the 2nd regeneration and 
their after, according to acombination differentfrom that 
at the time of the 1st regeneration. 
[0062] In the case where peak power in excess of a 
15 threshold is generated in the multi-carrier signal in all 
combinations, two out of four pieces of transmission da- 
ta with the 1 st to 4th sequence are selected. Thereafter, 
transmission data to be output to IFFT section 602 will 
be decided in the same way. As a result, when a multi- 
20 carrier signal is regenerated, of the transmission data 
with the 1st to 4th sequence, transmission data with at 
least one sequence isoutputfromselection section 601 
to IFFT section 602. 

[0063] Hereafter, a-control signal instructing that the 
25 transmission data with the decided sequence should be 
output to IFFT section 602 is output from transmission 
stopping carrier deciding section 604 to selection sec- 
tion 601 . As a result, of the transmission data with the 

jst-to_4th-sequence_atter_spreading_processing, the 

30 transmission data with at least one sequence decided 
bytransTnissiclTstbp'plh 604 is 

output to IFFT section 602. 

[0064] IFFT section 602 regenerates a multi-carrier 
signal on a chip where peak power exceeding a thresh- 
35 old has occurred. For example, with reference to FIG. 
12, when peak detection section 603 detects that peak 
power exceeding a threshold has occurred in a multi- 
carrier signal on a chip corresponding to time T3, IFFT 
section 602 regenerates a multi-carrier signal with chip 
40 501 -3 of transmission data with the 1 st sequence, chip 
502-3 of transmission data with the 2nd sequence and 
chip 503-3 of transmission data with the 3rd sequence 
multiplexed on the 1st subcarrierto 3rd subcarriers, re- 
spectively. At this time of regeneration, chip 604-3 in the 
45 transmission data with the 4th sequence is not multi- 
plexed on the 4th subcarrier. In other words, a signal 
with an amplitude of quasi-zero is multiplexedonthe 4th 
subcarrier. 

[0065] Peak detection section 603 detects whether 
so peak power exceeding a threshold has occurred or not 
in the multi-carrier signal regenerated by IFFT section 
602 as described above. Peak detection section 603 
carries out the above-described processing and in the 
case where no peak power-exceeding a threshold has 
55 occuned in the multi-carrier signal on a regenerated 
chip, the multi-carrier signal on this regenerated chip is 
output from IFFT-section 602 to D/A conversion section 
106. 
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[0066] On the other hand, when peak power exceed- 
ing a threshold still occurs in the multi-carrier signal on 
a regenerated chip, transmission stoppingcarrier decid- 
ing section 604 changes the transmission data to be out- 
put to IFFT section 602 according to the above-de- 
scribed method and then IFFT section 602 regenerates 
a multi-carrier signal on this chip. The above-described 
operation is repeated hereafter until peak power ex- 
ceeding a threshold no longer occurs in the multi-carrier 
signal on this chip. 

[0067] The operation of the reception apparatus 
equipped with the multi-carrier CDMA communication 
apparatus according to this embodiment is the same as 
that of the reception apparatus equipped with the multi- 
carrier CDMA communication apparatus according to 
Embodiment 1, and therefore detailed explanations 
thereof except despreading sections 206-1 to 206-4 are 
omitted. 

[0068] As explained in Embodiment 1 , the 1st to 4th 
demodulated signals extracted by FFT section 205 are 
subjected to despreading processing by despreading 
sections 206-1 to 206-4 and then subjected to symbol 
decision. 

[0069] When peak power in excess of a threshold is 
generated on a chip of the generated multi-carrier sig- 
nal, of the transmission data with the 1st to 4th se- 
quence, the above-described transmission apparatus 
does not transmit the above-described chip in transmis- 
sion-data-with-at-least-one-sequence-(here r suppose- 
tran smission data with the 4th sequence). There fore, 
the 4th demodulated signal may lack the relevant chip. 
For example, with reference to FIG. 12, when peak pow- 
er exceeding a threshold is detected in a multi-carrier 
signal generated at time T3, chip 504-3 is not transmit- 
ted by the transmission apparatus, and therefore the 4th 
demodulated signal lacks chip 504-3 at the reception 
apparatus. 

[0070] However, with reference to FIG.1 0 and FIG. 1 2, 
symbol 304 is decomposed to a plurality of chips (that 
is, 5 chips of chips 504-1 to 504-5) through spreading 
processing and transmitted. Therefore, even if the 4th 
demodulated signal is a signal lacking some chips, de- 
spreading section 206-4 can perform appropriate sym- 
bol decision using the despread 4th demodulated sig- 
nal. More specifically, even if chip 504-3 in a multi-carrier 
signal generated at time T3 has not been sent, symbol 
304 is subjected to appropriate symbol decision based 
on a signal obtained by despreading chips 504-1 , 504-2, 
504-4 and 504-5. 

[0071] Thus, instead of providing subcarriers for 
transmitting only a compensation signal to suppress 
peak power in a fixed manner and subcarriers for trans- 
mitting only information signals, this embodiment pro- 
vides all subcarriers as subcarriers to transmit informa- 
tion signals, multiplexes the spread information signals 
on these subcarriers and thereby generates a chip- 
based multi-carrier signal. This suppresses reduction of 
the transmission efficiency. 



[0072] Furthermore, when peak power exceeding a 
threshold does not occur in a multi-carrier signal on a 
chip, this embodiment is to send the multi-carrier signal 
on the chip itself and when peak power in excess of a 
5 threshold is generated in a multi-carrier signal on a chip, 
a multi-carrier signal on this chip is regenerated without 
multiplexing this chip in at least one piece of transmis- 
sion data out of transmission data with a plurality of se- 
quences on subcarrier. This makes it possible to reduce 
io the number of information signals to be multiplexed on 
this chip and suppress peak power of the multi-carrier 
signal to be regenerated. Thus, it is possible to suppress 
influences of non-linear distortion in a power amplifier. 
[0073] Furthermore, each symbol is decomposed to 
15 a plurality of chips through spreading processing and 
sent. Even if some chips included in each symbol have 
not been sent {missing), this allows the apparatus on 
the receiving side to apply appropriate symbol decision 
to each symbol through despreading processing and re- 
20 generate each symbol. 

[0074] As shown above, this embodiment makes it 
possible to suppress peak power of a multi-carrier signal 
while suppressing reduction of thetransmission efficien- 
cy. 

25 

(Embodiment 3) 

[0075] This embodiment will describe a case where 

Embodiment-2 is applied to an MG-ODMA system. FIG. 

30 1 4 i s a b lock diagr am showing aconfiguration of a trans- 
mission apparatus equipped with a multi-carrier CDMA 
communication apparatus according to Embodiment 3 
of the present invention. In the transmission apparatus 
shown in FIG.1 4, the same components as those in Em- 
35 bodiment 2 (FIG.1 3) are assigned the same reference 
numerals and details explanations thereof are omitted. 
In FIG.1 4, spreading section 701 carries out spreading 
processing on transmission data with a single sequence 
and outputs the transmission data with a single se- 
40 quence after the spreading processing to S/P conver- 
sion section 1 01 . 

[0076] fHG.I 5 is a block diagram showing a configu- 
ration of a reception apparatus equipped with the multi- 
carrier CDMA communication apparatus according to 
45 Embodiment 3 of the present invention. In the reception 
apparatus shown in FIG.1 5, the-same components as 
those of the reception apparatus in Embodiment 2 (FIG. 
9) are assigned the same reference numerals and de- 
tailed explanations thereof are omitted. In FIG. 15, de- 
50 spreading section 801 carries out despreading process- 
ing on the signal with a single sequence from P/S con- 
version section 207 and thereby outputs decoded data 
with a single sequence. 

[0077] Then, operations of the transmission appara- 
55 tus and reception apparatus equipped with the multi- 
carrier CDMA communication apparatus according to 
this embodiment will be explained. 1st, the operation of 
the above-described transmission apparatus will be ex- 
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plained with reference to FIG. 16 and FIG. 17 in addition 
to FIG. 10 and FIG. 14. Detailed explanations of the op- 
eration in this embodiment similar to that of Embodiment 
2 are omitted. 

[0078] FIG.1 6 is a schematic view conceptually show- 
ing transmission data with a single sequence after 
spreading processing at the transmission apparatus 
equipped with the multi-carrier CDMA communication 
apparatus according to Embodiment 3 of the present in- 
vention. FIG.1 7 is a schematic view conceptually show- 
ing transmission data with a plurality of sequences at 
the transmission apparatus equipped with the multi-car- 
rierCDMA communication apparatus according to Em- 
bodiment 3 of the present invention. 
[0079] In FIG.1 4, the transmission data with a single 
sequence (for example, transmission data correspond- 
ing to 4 symbols: see FIG.1 0) is subjected to spreading 
processing using a spreading code with spreading fac- 
tor 5 by spreading section 701 . In this way, the trans- 
mission data with a single sequence is converted to a 
chip-based signal (1st to fifth chips) with the frequency 
band spread 5 times as shown in FIG.1 6. For example, 
the frequency band of the transmission data of symbol 
301 is spread 5 times and at the same time the signal 
is converted to a chip-based signal including chips 

901- 1 to 901-5. 

[0080] The transmission data with a single sequence 
after the spreading processing is converted to transmis- 
— siondata-with-a-plurality-of-sequenees-by-S/P-eonver— 
sio n section 1 0-1- The number of sequences here corre- 
sponds to the total number of subcarriers (4x5). For 
convenience of explanation, the transmission data with 
the plurality of sequence shown in FIG. 14 is called 
"transmission data with the 1st sequence to 20th se- 
quence" from top to bottom. With reference to FIG. 17, 
chips 901-1 to 901-5 of symbol 301 become transmis- 
sion data with the 1st to 5th sequence, chips 902-1 to 

902- 5 of symbol 302 become transmission data with the 
6th to 10th sequence, chips 903-1 to 903-5 of symbol 
303 become transmission data with the 11th to 15th se- 
quence, and chips 904-1 to 904-5 of symbol 304 be- 
come transmission data with the 1 6th to 20th sequence. 
These transmission data with the 1st to 20th sequence 
are output to selection section 601 



[0083] Peak detection section 603 measures power 
of the multi-carrier signal from the IFFT section 602 sym- 
bol by symbol and<Setects whether peak power exceed- 
ing a threshold has occurred or not in the multi-carrier 
5 signal of each symbol. 

[0084] Here, in the case where no peak power ex- 
ceeding a threshold has occurred in the multi -carrier sig- 
nal of a symbol , a control signal instructing that the multi- 
carriersignalofthis symbol shouldbe output to D/Acon- 
io version section 1 06 is output from peak detection sec- 
tion 603 to IFFT section 602. As a result, a multi-carrier 
signal on a symbol whose peak power is not greater than 
a threshold is output from IFFT section -602 to D/A con- 
version section 106. 
15 [0085] On the other hand, in the case where peak 
* power exceeding a threshold has occurred in the multi- 
carrier signal of a symbol, a control signal instructing 
that a multi-carrier signal on this symbol should be re- 
generated is output from peak detection section 603 to 
20 IFFT section 602 and at the same time the information 
that peak power exceeding a threshold has occurred in 
the multi-carrier signal of thissymbol is output from peak 
detection section 603 to transmission stopping carrier 
deciding section 604. 
25 [0086] Of the transmission data with the 1st to 20th 
sequence, transmission stopping carrier deciding sec- 
tion 604 decides the transmission data to be output to 
IFFT section 602. The method of selecting transmission 

_datato*eoutpuMoJ^CT-sectk5n-6^ ; isthesarne.as-that_ 

30 explained in- Embodim ent 2. -In th is embodiment, sup- 

~ pose the transmission data with the ~1sf to 19th se- 
quence is decided as transmission data to be output to 
IFFT section 602. 

[0087] After this, a control signal instructing that the 
35 transmission data with the decided sequence should be 
output to IFFT section 602 is output from transmission 
stopping carrier deciding section 604 to selection sec- 
tion 601 . As a result, of the transmission data with the 
1 st to 20th sequence after spreading processing, trans- 
40 mission data with at least one sequence decided by 
transmission stopping carrier deciding section 604 (in 
this embodiment, the transmission data with the 1st to 
19th sequence) are output to IFFT section 602. 
[0088] IFFT section 602 regenerates a multi-carrier 



[00811 Selection section 601 .normally, is controlled 48 signal with the symbol in which peak power exceeding 
1 ..... .• - ~ ~ * _ u.m n/v>nrraH Cnr ovamnlp with reference 



by transmission stopping carrier deciding section 604 
so as to output the transmission data with the 1 st to 20th 
sequence to IFFT section 602. Thus, selection section 
601 outputs the transmission data with the 1st to 20th 
sequence to IFFT section 602. 

[0082] IFFT section 602 carries out IFFT processing 
using the transmission data with the 1st to 20th se- 
quence after spreading processing. Through this IFFT 
processing, a multi-carrier signal with the transmission 
data with the 1 st to 20th sequence multiplexed on the 
1st to 20th subcarriers is generated symbol by symbol. 
The multi-carrier signal generated is output to peak de- 
tection section 603. 



a threshold has occurred. For example, with reference 
to FIG. 17, when peak detection €03 detects that peak 
power exceeding a threshold has occurred in a multi- 
carrier signal on a symbol, IFFT section €02 regener- 
50 ates a multi-carrier signal with the transmission data 
with the 1 st (chip 901 -1 of symbol 301 ) to 1 9th sequence 
(chip 904-4 of symbol 304) multiplexed on the 1stto 1 9th 
subcarriers. During this regeneration, the transmission 
data with the 20th sequence (chip 904-5 of symbol 304) 
55 is not multiplexed on the 20th subcarrier. In other words, 
a signal whose amplitude is quasi-zero is multiplexed 
on the 20th -subcarrier. 

[0089] About the multi-carrier signal regenerated by 
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IFFT section 602, peak detection section 603 detects 
whether peak power exceeding a threshold has oc- 
curred or not as described above. In the case where 
peak detection section 603 detects that no peak power 
exceeding a threshold has occurred in the regenerated 
multi-carrier signal on a symbol after the above-de- 
scribed processing, IFFT section 602 outputs the regen- 
erated multi-carrier signal on this symbol to D/A conver- 
sion section 106. 

[0090] On the other hand, in the case where peak 
power exceeding a threshold still occurs in the regener- 
ated multi-carrier signal on a symbol, transmission stop- 
ping carrier deciding section 604 changes the transmis- 
sion data to be output to IFFT section 602 according to 
the above-described method, and then IFFT section 602 
regenerates a multi-carrier signal on this symbol. Here- 
after, the above-described operation is repeated until 
peak power exceeding a threshold no longer occurs in 
the multi-carrier signal on this symbol. 
[0091] Then , an operation of the above-described re- 
ception apparatus will be explained with reference to 
FIG.15. Detailed explanations of the operation in FIG. 
15 similar to that of Embodiment 1 (FIG.9) are omitted. 
[0092] In FIG.15, the demodulated signal converted 
to a digital signal is subjected to FFT processing by FFT 
section 205 and thereby each signal transmitted from 
the 1st to 20th subcarrieris extracted. That is, FFT sec- 
tion 205 extracts the 1st to 20th demodulated signals. 
[0093] — The 1st to 20th demodulated signals extracted - 
by FFT section 2 05 are converted to a sjgnal wjth a_s[n : 
gle sequence by P/S conversion section 207. This signal 
with a single sequence is subjected to despreading 
processing by despreading section 801 and then sub- 
jected to symbol decision. Decoded data with a single 
sequence is generated in this way. 
[0094] Here, in the case where peak power exceeding 
a threshold has occurred in a symbol of the generated 
multi-carrier signal, transmission data with at least one 
sequence (here, suppose transmission data with the 
20th sequence, that is, chip 904-5 of symbol 304) out of 
the transmission data with the 1st to 20th sequence is 
no longer sent by the previously mentioned transmitting 
apparatus. Thus, the 20th demodulated signal may be- 
come an erroneous signal. For example, with reference 
to FIG. 17, in the case where the transmission apparatus 
detects peak power exceeding a threshold in the multi- 
carrier signal with the symbols shown in FIG. 17, chip 
904-5 of symbol 304 is not transmitted, and therefore 
the 20th demodulated signal becomes an erroneous 
signal at the reception apparatus. 
[0095] However, with reference to FIG. 10, FIG.16and 
FIG.1 7, symbol 304 is decomposed to a plurality of sub- 
carriers (that is, 16th subcarrier to 20th subcarrier) 
through spreading processing and transmitted. There- 
fore, even if the 20th demodulated signal is an errone- 
ous signal, despreading section 801 can perform appro- 
priate symbol decision using a despread signal. More 
specifically, symbol 304 is subjected to appropriate sym- 



bol decision based on the signal consisting of despread 
chip 904-1 to chip 904-4. 

[0096] Thus, instead of providing subcarriers that only 
transmit a compensation signal for suppressing peak 
5 power in a fixed manner and subcarriers that only trans- 
mit information signals, this embodiment provides all 
subcarriers as subcarriers to transmit information sig- 
nals, then to multiplexe spread information signals on 
these subcarriers and thereby generates a symbol- 
ic based multi-carrier signal. This suppresses reduction of 
the transmission efficiency. 

[0097] Furthermore, in the case where no peak power 
exceeding a threshold has occurred in the multi-carrier 
signal on a symbol, the multi-carrier signal on this sym- 

15 bol is sent as is and in the case where peak power ex- 
ceeding a threshold has occurred in the multi-carrier sig- 
nal on a symbol, transmission data with at least one se- 
quence out of transmission data with a plurality of se- 
quences is not multiplexed on the subcarrier and the 

20 multi-carrier signal on this symbol is regenerated. The 
number of information signals to be multiplexed on this 
symbol is reduced in this way and it is thereby possible 
to suppress peak power of the multi-carrier signal to be 
regenerated. Thus, it is possible to suppress influences 

25 of non-linear distortion at the power amplifier. 

[0098] Furthermore, each symbol is decomposed to 
a plurality of chips through spreading processing and 
each decomposed chip is multiplexed on the chip-spe- 

cmc-subcam'er-and-transmittedrBy-doing so, even if 

^-_sonif chips jncl^ not transm itted , 

each symbol is subjected to appropriate symbol deci- 
sion through despreading processing and regenerated 
at the reception apparatus. 

[0099] As shown above, this embodiment makes ft 
35 possible to suppress peak power of a multi-carrier signal 
while suppressing reduction of the transmission efficien- 
cy. 

(Embodiment 4) 

40 

[0100] This embodiment will describe a case where 
for the multi-carrier signal whose peak power exceeds 
a threshold in Embodiment 2, transmission by predeter- 
mined subcarriers of all subcarriers is stopped. FIG.1 8 

45 is a block diagram showing a configuration of a trans- 
mission apparatus equipped with a multi-carrier CDMA 
communication apparatus according to Embodiment 4 
of the present invention. In the transmission apparatus 
shown in FIG- 18, the components similar to those of the 

so transmission apparatus in Embodiment 2 -(FIG. 13) are 
assigned the same reference numerals and detailed ex- 
planations thereof are omitted. 

[0101] In FIG.1 8, transmission stopping section 1101 
controls the output of the transmission data with the 1 st 
55 sequence to IFFT section«02 according to the detection 
result from peak detection section 603. Transmission 
stopping section 1102 controls the output of the trans- 
mission data with the 4th sequence to IFFT section 602 
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according to the detection result from peak detection 
section 603. 

[0102] The configuration of the reception apparatus 
equipped with the multi-carrier CDMA communication 
apparatus according to this embodiment is the same as 
that of Embodiment 1 (FIG.9) and detailed explanations 
thereof are omitted. 

[0103] Then, an operation of the above-described 
transmission apparatus will be explained. Detailed ex- 
planations of operations in this embodiment similar to 
those in Embodiment 2 will be omitted. Peak detection 
section 603 measures power of a multi-carrier signal 
from IFFT section 602 on a chip-by-chip basis as in the 
case of Embodiment 2 and detects whether peak power 
exceeding a threshold has occurred or not in the multi- 
carrier signal on each chip. 

[0104] In the case where peak power exceeding a 
threshold has occurred in the multi-carrier signal on a 
chip, a control signal instructing that the multi-carrier 
signal of this chip should be regenerated is output from 
peak detection section 603 to IFFT section 602 and the 
information that peak power exceeding a threshold has 
occurred in the multi-carrier signal on this chip is output 
from peak detection section 603 to transmission stop- 
ping section 1101 and transmission stopping section 
1102. 

[0105] As a result, the output of the transmission data 
with the 1st sequence to IFFT section 602 is stopped by 
transmission stopping section-1-1 Otand theoutput ofthe- 
transmission data with the 4th sequence toJIFFT section 
602 is" stopped by translfflssTb>rsTopl5irrg"s^tibn 1102. 
That is, of the transmission data with the 1 st to 4th se- 
quence after spreading processing, only the transmis- 
sion with the 2nd sequence and the 3rd sequence are 
output to IFFT section 602. 

[0106] IFFT section 602 regenerates a multi-carrier 
signal with the transmission data with the 2nd sequence 
and 3rd sequence subjected spreading processing mul- 
tiplexed on the 2nd subcarrier and 3rd subcarrier, re- 
spectively. At the time of this regeneration , the transmis- 
sion data with the 1st sequence and 4th sequence are 
not multiplexed on the 1 st subcarrier and 4th subcarrier, 
respectively. In other words, a signal whose amplitude 
is quasi-zero is multiplexed on the 1st subcarrier or 4th 
subcarrier. Hereafter, the processing explained in Em- 
bodiment 2 will be performed. 

[0107] This embodiment has described the case 
where two transmission stopping sections are provided 
to stop output of transmission data to IFFT section 602 
when a multi-carrier signal is regenerated, but the 
number of these transmission stopping sections is not 
limited to a particular one. 

[0108] Furthermore, this embodiment has described 
the case where all of a plurality of transmission stopping 
sections (that is, transmission stopping sections 1101 
and 1 1 02) stop output of transmission data to I FFT sec- 
tion 602 when a multi-carrier signal is regenerated for 
the first time, but it is also possible to increase the 



number of transmission stopping sections for stopping 
output of transmission data to IFFT section 602 accord- 
ing to the number of times multi-carrier signals are re- 
generated. This can improve the quality of a received 
s signal at the reception apparatus. 

[0109] Thus, this embodiment is topreset subcarriers 
whose transmission of transmission data is to be 
stopped during regeneration of a multi-carrier signal. 
Therefore, when the acceptable quality of-transmission 
io data to be transmitted different between subcarriers, by 
stopping transmission of subcarrier with transmission 
data whose acceptable quality is low, it is possible to 
keep the quality of transmission data to be transmitted 
by other subcarriers at a satisfactory level. This makes 
15 it possible to transmit transmission data that satisfies 
the required quality while suppressing peak power of a 
multi-carrier signal. 

(Embodiment 5) 

20 

[0110] This embodiment will describe a case where 
Embodiment 3 is applied to an MC-CDMA system. FIG. 
1 9 is a block diagram showing a conf iguration of a trans- 
mission apparatus equipped with a multi-carrier CDMA 
25 communication apparatus according to Embodiment 5 
of the present invention. In the transmission apparatus 
shown in FIG.1 9, the components similarto those of the 
transmission apparatus in Embodiment 4 (FIG.1 8) are 

assigned the.same.reference.numeralsand detailed ex- 

30 planatjons thereof are omitted. 

[0111] As slfowTF in FIG.1 9, the transmission appara- 
tus equipped with the multi-earner CDMA communica- 
tion apparatus according to this embodiment has a con- 
figuration with spreading sections 102-1 to 102-4 re- 
35 moved from the transmission apparatus according to 
Embodiment 4 (FIG. 18) and with spreading section 701 
added to the transmission apparatus according to Em- 
bodiment 4. This spreading section 701 is similarto that 
of the transmission apparatus (FK3.14) according to 
40 Embodiment 3. 

[0112] The -configuration of the reception apparatus 
equipped with the multi-carrier CDMA communication 
apparatus according to this embodiment is similarto that 
of the reception apparatus according to Embodiment 3, 
45 and therefore detailed explanations thereof are omitted. 
[0113] Thus, this embodiment is to preset subcarriers 
whose transmission of transmission data is to be 
stopped during regeneration of a multi-carrier signal. 
Therefore, when the acceptable quality of transmission 
so data to be transmitted varies from one subcarrier to an- 
other, by stopping transmission of subcarrier with trans- 
mission data whose acceptable quality is low, it is pos- 
sible to keep the quality of transmission data to be trans- 
mitted by other subcarriers at a satisfactory level. This 
55 makes it possible to transmit transmission data that sat- 
isfies the required quality while suppressing peak power 
of multi-carrier signals. 
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(Embodiment 6) 

[0114] This embodiment will describe a case where 
transmission data subjected to error correcting coding 
is multiplexed on the subcarriers whose transmission is 
stopped in Embodiment 4. FIG.20 is a block diagram 
showing a configuration of a transmission apparatus 
equipped with a multi-carrier CDMA communication ap- 
paratus according to Embodiment 6 of the present in- 
vention. In the transmission apparatus shown in FIG. 20, 
the components similar to those of the transmission ap- 
paratus in Embodiment 4 (FIG. 18) are assigned the 
same reference numerals and detailed explanations 
thereof are omitted. 

[0115] As shown in FIG.20, the transmission appara- 
tus equipped with the multi-carrier CDMA communica- 
tion apparatus according to this embodiment has a con- 
figuration with S/P conversion section 1 01 in the trans- 
mission apparatus (FIG. 18) in Embodiment 4 replaced 
with S/P conversion section 1 301 , and error correcting 
coding sections 1 302 and 1 303 added. 
[0116] S/P conversion section 1301 has a configura- 
tion similar to that of S/P conversion section 1 01 except 
the following point. That is, S/P conversion section 1 301 
outputs standard rate transmission data as the trans- 
mission data with the 2nd and 3rd sequences and out- 
puts low rate transmission data as the transmission data 
with the 1st and 4th sequences to equalize the rates of 

_._ transmission-data-inpuMo spreading-sections-4 02-1-to- 

102-4. 

[0117] Error correcting coding sections 1302 and 
1303 each perform predetermined error correcting cod- 
ing processing on the transmission data with the 1 st and 
4th sequences and outputs the transmission data after 
error correcting coding processing to spreading sec- 
tions 1 02-1 and 1 02-4, respectively. 
[0118] FIG.21 is a block diagram showing a configu- 
ration of a reception apparatus equipped with the multi- 
carrier CDMA communication apparatus according to 
Embodiment 6 of the present invention. In the reception 
apparatus shown in FIG.21, the components similar to 
those of the reception apparatus in Embodiment 1 (FIG. 
9) are assigned the same reference numerals and de- 
tailed explanations thereof are omitted. 
[0119] As shown in FIG.21 , the reception apparatus 
equipped with the multi-carrier CDMA communication 
apparatus according to this embodiment has a configu- 
ration with P/S conversion section 207 of the reception 
' apparatus (FIG.9) in Embodiment 1 replaced with P/S 
conversion section 1403 and error correcting decoding 
sections 1401 and 1402 added. 
[0120] Error correcting decoding sections 1401 and 
1402 perform error correcting decoding processing on 
the 1st and 4th demodulated signals subjected to sym- 
bol decision and output the demodulated signals after 
error correcting decoding to P/S conversion section 
1403. P/Sconversion section 1403 converts the demod- 
ulated signals with a plurality of sequences from error 



■correcting decoding sections 1401 and 1402 and de- 
spreading sections 206-2 and 206-3 to decoded data 
with a single sequence. 

[0121] Then, an operation of the above-described 
5 transmission apparatus will be explained. Detailed ex- 
planations of the operation in this embodiment similar 
to that of Embodiment 4 are omitted. In FIG.20, the 
transmission data with a single sequence is converted 
to standard rate transmission data with the 2nd and 3rd 
10 sequences and low rate transmission data with the 1st 
and 4th sequences by S/P conversion section 1301. 
[0122] The standard rate transmission data with the 
2nd and 3rd sequences are outputto spreading sections 
102-2 and 102-3, respectively. The low rate transmis- 
15 sion data with the 1 st and 4th sequences are subjected 
to predetermined error correcting coding processing by 
error correcting coding sections 1302 and 1303 and 
then output to spreading sections 102-1 and 102-4. All 
the transmission data input to spreading sections 102-1 
20 to 102-4 have the same rate. 

[0123] Here, for the above-described predetermined 
error correcting coding processing, it is also possible to 
use error correcting coding processing using block 
codes (Hamming code, BCH code, Reed-Solomon code 
25 and fire code, etc.) and it is also possible to use error 
correcting coding processing using convolutional codes 
(turbo code : self-orthogonal code, Hagelbarger code 
and Iwadare code, etc.). 

[0124]— -Then r an operation^ the above-described re- 

30 ception apparatus-will be explained. Detailed explana- 
lions of the operation in this embodiment similar to that 
in Embodiment 1 are omitted. In FIG.21, theSnd demod- 
ulated signal and 3rd demodulated signal subjected to 
symbol decision are output to P/S conversion section 
35 1 403. The 1 st demodulated signal and 4th demodulated 
signal subjected to symbol decision are subjected to er- 
rorcorrecting decoding processing corresponding to the 
error correcting coding processing used by the trans- 
mission apparatus by error correcting decoding sections 
40 1 401 and 1402, respectively and then output to P/Scon- 
version section 1403. 

[0125] The 2nd demodulated signal and 3rd demod- 
ulated signal subjected to symbol decision and the 1 st 
demodulated signal and 4th demodulated signal sub- 
45 jected to error correcting decoding processing are-con- 
verted to decoded data with a single sequence by P/S 
conversion section 1403. 

[0126] Thus, in this embodiment, the transmission ap- 
paratus multiplexes transmission datasubjected-to error 

so correcting coding processing on a subcarrier whose 
transmission is to be stopped and the reception appa- 
ratus carries out error correcting decoding processing 
on the signal transmitted by this subcarrier. Thus, -even 
if it is not possible to decode the signal transmitted by 

55 this subcarrier correctly, the reception apparatus can re- 
produce transmission data correctly by carrying out er- 
ror correcting decoding processing on this signal. 
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(Embodiment 7) 

[0127] This embodiment will describe a case where 
for a multi-carrier signal whose peak power exceeds a 
threshold in Embodiments 2 to 6, a signal for suppress- 
ing peak power is multiplexed on at least one of all sub- 
carriers. Here, Embodiment 6 will be used as an exam- 
ple to explain this. 

[0128] FIG.22 is a block diagram showing a configu- 
ration of a transmission apparatus equipped with a mul- 
ti-carrier CD MA communication apparatus according to 
Embodiment 7 of the present invention. In the transmis- 
sion apparatus shown in FIG.22, the components simi- 
lar to those of the transmission apparatus in Embodi- 
ment 6 (FIG.20) are assigned the same reference nu- 
merals and detailed explanations thereof are omitted. 
[0129] As shown in FIG.22, the transmission appara- 
tus equipped with the multi-carrier CDMA communica- 
tion apparatus according to this embodiment has a con- 
figuration with transmission stopping sections 1101 and 
1102 in the transmission apparatus according to Em- 
bodiment 6 (FIG .20) replaced with switching sections 
1 501 and 1 502 and peak suppression signal generation 
section 1503 added. 

[0130] Peak suppression signal generation section 
1503 outputs a peak suppression signal to switching 
sections 1501 and 1502 according to the detection re- 
sult from peak detection section 603. 
[0131]— When a peak suppression.signal is-sent from_ 
peak suppression signal generation, section 1503, 
switching sections 1 50TanCI "l~502outjpuf this peaK sup-" 
pression signal instead of the transmission data with the 
1st sequence and 4th sequence to IFFT section 602. 
[0132] Since the configuration of the reception appa- 
ratus equipped with the multi-carrier CDMA communi- 
cation apparatus according to this embodiment is similar 
to that of the reception apparatus according to Embod- 
iment 6 (FIG.21) and therefore detailed explanations 
thereof are omitted. 

[0133] Then, an operation of the above-described 
transmission apparatus will be explained. Detailed ex- 
planations of the operation in this embodiment similar 
to that of Embodiment 6 are omitted. In FIG.22, switch- 
ing sections 1501 and 1502 normally output transmis- 
sion data with the 1st sequence and 4th sequence to 
IFFT section 602, respectively. Thus, IFFT section 602 
is fed the transmission data with the 1 st sequence to 4th 
sequence subjected to spreading processing. 
[0134] IFFT section 602 performs IFFT processing 
using the transmission data with the 1 st sequence to 4th 
sequence after the spreading processing. In this way, a 
multi-carrier signal is generated with the transmission 
data with the 1st sequence to 4th sequence after the 
spreading processing multiplexed on the 1st subcarrier 
to the 4th subcarrier. The chip-based multi-carrier signal 
generated is output to peak detection section 603. 
[0135] Peak detection section 603 measures power 
of the multi-carrier signal from IFFT section 602 on a 



chip-by-chip basis and detects whether peak power ex- 
ceeding a threshold has occurred or not in the multi-car- 
rier signal on each chip. 

[0136] Here, in the case where no peak power ex- 
5 ceeding a threshold has occurred in the multi-carrier sig- 
nal on achip, a control signal instructing that the multi- 
carrier signal on this chip should be output to D/A con- 
version section 1 06 is output from peak detection sec- 
tion 603 to IFFT section 602. As a result, a multi-carrier 
io signal on a chip whose peak power is not greater than 
a threshold is output from IFFT section 602 to O/A con- 
version section 106. 

[0137] On the other hand, in the case where peak 
power exceeding a threshold has occurred in the multi- 

15 carrier signal on a chip, a control signal instructing that 
the multi-carrier signal on this chip should be regener- 
ated is output from peak detection section 603 to IFFT 
section 602 and at the same time the information that 
peak power exceeding a threshold has occurred in the 

so multi-carrier signal on this chip is output from peak de- 
tection section 603 to peak suppression signal genera- 
tion section 1503. 

[0138] After this, a peak suppression signal is output 
from peak suppression signal generation section 1503 
25 to switching sections 1501 and 1502. As the peak sup- 
pression signal an appropriate (random) signal is used. 
As the peak suppression signal, a signal obtained 
through a calculation can also be used in addition to a 

random signal. "Furthermore, jt,is„also_possible to store 

30 the signal obtained through a calculation in ROM, etc. 
beforehand "and allow peak suppression signal genera- 
tion section 1503 to generate apeak suppression-signal 
using this ROM. By the way, the peak suppression sig- 
nals output to switching sections 1501 and 1502 may 
35 be identical or different. 

[0139] Switching sections 1501 and 1502 that have 
received the peak suppression signals output these 
peak suppression signals instead of the transmission 
data with the 1st sequence and 4th sequence to IFFT 
40 section 602. 

[0140] IFFT section 602 regenerates a multi-carrier 
signal on the chip where peak power exceeding a 
threshold has occurred. For example, with reference to 
FIG. 12, when peak detection section 603 detects that 
45 peak power exceeding a threshold has occurred in the 
multi-carrier signal on thechip corresponding to time T3 , 
IFFT section 602 multiplexes a peak suppression signal 
instead of chip 501-3 in the transmission data with the 
1st sequence on the 1 st subcarrier, multiplexes a peak 
so suppression signal instead of chip 504-3 in the trans- 
mission data with the 4th sequence on the 4th subcar- 
rier, multiplexes chip 502-3 in the transmission data with 
the 2nd sequence and chip 503-3 in the transmission 
data with the 3rd sequence on the 2nd subcarrier and 
55 3rd subcarrier, respectively to regenerate the multi-car- 
rier signal. 

[0141] Here, the peak suppression signal input to 
IFFT section 602 is an arbitrary {random) signal, and 
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therefore this signal can be said to be a signal likely to 
suppress peak power of the multi-carrier signal regen- 
erated by IFFT section 602. Therefore, the multi-carrier 
signal regenerated by IFFT section 602 is likely to be a 
signal with suppressed peak power. 
[0142] As described above, peak detection section 
603 detects whether peak power exceeding a threshold 
has occurred or not in the multi-carrier signal regener- 
ated by IFFT section 602. Peak detection section 603 
performs the above-described processing and when 
peak power exceeding a threshold has not occurred in 
the regenerated multi-carrier signal on a chip, I FFT sec- 
tion 602 outputs the regenerated multi-carrier signal on 
this chip to D/A conversion section 106. 
[0143] On the other hand, when peak power exceed- 
ing a threshold still occurs in the regenerated multi-car- 
rier signal on a chip, peak suppressing signal generation 
section 1 503 outputs another arbitrary (random) signal 
as a peak suppression signal to switching sections 1501 
and 1 502 and then IFFT section 602 regenerates a mul- 
ti-carrier signal on this chip using the changed peak sup- 
pression signal. Thereafter, the above-described oper- 
ation is repeated until peak power exceeding a threshold 
no longer occurs in the multi-carrier signal on this chip. 
[0144] This embodiment has described the case 
where the total number of subcarriers on which a peak 
suppression signal is multiplexed is 2, but no restriction 
is imposed on the total number of subcarriers on which 

— a peak-suppression-signal-is-multiplexed; ■— 

[0 145] In the case where a pluralit y of subcar riers on 
which a peak suppression signal is multiplexed is pro- 
vided, it is also possible to increase the number of sub- 
carriers on which a peak suppression signal is multi- 
plexed when a multi-carrier signal is regenerated ac- 
cording to the number of times the multi-carrier signal is 
regenerated. This makes it possible to improve the char- 
acteristic of the received signal at the reception appara- 
tus while reliably suppressing peak power of the multi- 
carrier signal. 

[0146] Furthermore, this embodiment has described 
the case where a peak suppression signal is used in Em- 
bodiment 6 as an example, but it goes without saying 
that a peak suppression signal can also be used in any 
one of Embodiments 2 to 6. 

[0147] Thus, instead of providing subcarriers for 
transmitting only a compensation signal to suppress 
peak power in a fixed manner and providing subcarriers 
for transmitting only transmission signals, this embodi- 
ment provides all subcarriers as subcarriers to transmit 
information signals, then multiplexes the information 
signals subjected to spreading processing on this sub- 
carrier to generate a chip-based multi-carrier signal. 
This suppresses reduction of the transmission efficien- 
cy. 

[0148] Furthermore, when peak power exceeding a 
threshold does not occur in a multi-carrier signal on a 
chip (a symbol in an MC-CDMA system), the multi-car- 
rier signal on this chip (symbol) is sent as is, and when 



peak power in excess of a threshold is generated in a 
multi-carrier signal on a chip (a symbol), instead of this 
chip (symbol) in at least one piece of transmission data 
of transmission data with a plurality of sequences, a 

5 peak suppression signal is multiplexed on the subcarrier 
to regenerate a multi-carrier signal on this chip (symbol). 
This reduces the number of information signals to be 
multiplexed on this chip (symbol) and can thereby sup- 
press peak power of the multi-carrier signal regenerat- 

10 ed. This suppresses influences of non-linear distortion 
at a power amplifier. 

[0149] Furthermore, each Symbol is decomposed to 
a plurality of chips through spreading processing and 
sent (in the case of MC-CDMA, each symbol is decom- 
15 posed to a plurality of chips through spreading process- 
ing and each decomposed chip is multiplexed on a chip- 
specific subcarrier and transmitted). Even if some chips 
included in each symbol are not transmitted (missing), 
this allows each symbol to be subjected to symbol de- 
20 cision appropriately through despreading processing 
and regenerated at the apparatus on the receiving side. 
[0150] As shown above, this embodiment makes it 
possible to suppress peak power of a multi-carrier signal 
while suppressing reduction of the transmission efficien- 
ts C y. 

(Embodiment 8) 

—[0151] — This-embodiment will describe a-case where 
30 clippin g- processing is applied to ajnu jti-carrier signal 
generated or multi-carrier signal regenerated in Embod- 
iments 1 to 7. Here, Embodiment 7 will be taken as an 
example to explain this. 

[0152] FIG.23 is a block diagram showing a configu- 
35 ration of a transmission apparatus equipped with a mul- 
ti-carrier CDMA communication apparatus according to 
Embodiment 8 of the present invention. In the transmis- 
sion apparatus shown in FIG.23, the same components 
as those of the transmission apparatus in Embodiment 
40 7 (FK3.22) are assigned the same reference numerals 
and details explanations thereof are omitted. 
[0153] As shown in FIG.23, the transmission appara- 
tus equipped with the multi^carrier CDMA communica- 
tion apparatus according to this embodiment has acon- 
45 figuration with IFFT section 602 in the transmission ap- 
paratus according to Embodiment 7 (FIG. 22) replaced 
by IFFT section 1501, peak detection section 603 re- 
placed by peak detection section 1602, and clip circuit 
1603 added. 

so [0154] Peak detection section 1602 has the same 
configuration as that of peak detection section 803 in 
Embodiment 7 except the following point. That is, when 
the number of times a multi-carrier signal of a same chip 
(symbol in the case of MC-CDMA) is regenerated reach- 
es es a predetermined number, peak detection section 
1602 controls IFFT section 1601 so that regeneration of 
a multi-carrier signal for this chip (symbol) is stopped 
and that the first multi-carrier signal generated for this 
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chip {symbol) is output to clip circuit 1603. 
[0155] IFFT section 1601 has a configuration similar 
to that of IFFT section 602 according to Embodiment 7 
except the following point. That is, IFFT section 1601 
retains the first multi-carrier signal generated for a chip 
(symbol) , generates or regenerates a multi-carrier sig- 
nal underthe control by peak detection section 1602 and 
outputs the multi-carrier signal retained to clip circuit 
1603. 

[0156] Clip circuit 1 603 carries out clipping process- 
ing on the multi-carrier signal from IFFT section 1601 
and outputs the multi-carrier signal after the clipping 
processing to D/A conversion section 1 06. 
[0157] Then, an operation of the above-described 
transmission apparatus will be explained. Detailed ex- 
planations of the operation in this embodiment similar 
to that of Embodiment 7 are omitted. When the first mul- 
ti-carrier signal on a chip (symbol) is generated, IFFT 
section 1601 retains the generated multi-carrier signal. 
The multi-carrier signal for which no peak power ex- 
ceeding a threshold has occurred is output to D/A con- 
version section 106 as explained in the embodiment 
above. 

[01 58] On the other hand, as described above, when 
peak detection section 1 602 detects that peak power ex- 
ceeding athreshold has occurred in the multi-carrier sig- 
nal on a chip (symbol), IFFT section 1601 regenerates 
the multi-carrier signal on this chip (symbol) until peak 
power in the regenerated multi=carrier-signal falls below_ 

the threshold. __■ - ■■ 

[0159] ^"T^hlitlnTeTwT^npeak detection section 1602 
detects that the number of times a multi-carrier signal 
for the same chip (symbol) is regenerated reaches a 
predetermined number, peak detection section 1602 
outputs to IFFT section 1601 a control signal instructing 
that regeneration of a multi-carrier signal on this chip 
(symbol) should be stopped and that the retained multi- 
carrier signal should be output to clip circuit 1603. 
[0160] As a result, IFFT section 1601 stops regener- 
ation of the multi-carrier signal for a chip (symbol) and 
outputs the retained multi-carrier signal to clip circuit 
1603. 

[0161] Clip circuit 1603 carries out clipping process- 
ing on the multi-carrier signal from IFFT section 1601. 
Clipping processing includes a method of cutting power 
exceeding a threshold in the multi-carrier signal or a 
method of lowering the total level of the multi-carrier sig- 
nal to reduce peak power of this multi-carrier signal to 
a threshold or below, etc. 

[0162] This embodiment has described the case 
where when the number of times a multi-carrier signal 
on the same chip (symbol) is regenerated reaches a pre- 
determined number, clipping processing is applied to 
the first multi-carrier signal generated, but it is also pos- 
sible to apply clipping processing to a regenerated multi- 
carrier signal. This ensures suppression of peak power 
of the multi-carrier signal in the case where the peak 
power suppression effect is insufficient for the multi-car- 



rier signal regenerated by stopping transmission by a 
predetermined subcarrier or even in the case where the 
peak power suppression effect is insufficient for the mul- 
ti-carrier signal regenerated by multiplexing a peak sup- 
5 pression signal. 

[0163] This embodiment has described the case 
where clipping processing is applied to a multi-carrier 
signal in Embodiment 7 as an example, but it goes with- 
out saying that clipping processing is applicable to any 
io one of Embodiments 1 to 6. That is, when making a 
search for sub-carriers whose transmission should be 
stopped or sub-carriers on which a peak suppression sig- 
nal should be multiplexed, if it is impossible to search 
for any subcarriers among predetermined number of 
is subcarriers where peak power of a multi-carrier signal 
falls below a threshold, it is possible to apply clipping 
processing to the multi-carrier signal and thereby short- 
en the processing time and suppress peak power of the 
multi-carrier signal. 
20 [0164] Thus, this embodiment applies clipping 
processing to a generated multi-carrier signal or a re- 
generated multi-carrier signal, and -can thereby shorten 
the processing time and ensure suppression of peak 
power in the multi-carrier signal. 
25 [0165] In Embodiment 1 to Embodiment 8 above, 
when the number of subcarriers is small, the number of 
patterns to be inputtothe IFFT section is limited. There- 
fore, it is possible to allow a lookup table (LUT) to store 

;the_l FFT_calculation_results_.obtained_off Jine before- 

30 hand. Replacing the IFFT section with this LUT makes 
it possible to reduce the amount~of calculation and 
processing time in the IFFT processing and suppress 
the scale of the apparatus as well. 
[0166] Furthermore, Embodiment 1 to Embodiment 8 
35 ,can be used combined with one another. 

[0167] The multi-carrierODMAcommunication appa- 
ratus in the present invention can be mounted on a com- 
munication terminal apparatus or a base station appa- 
ratus in a digital mobile unit communication system. 
40 [0168] As described above, the present invention 
multiplexes information signals on all subcarriers to gen- 
erate a multi-carrier signal, and when peak power in ex- 
cess of athreshold is generated in the multi-carrier sig- 
nal generated, the present invention stops transmitting 
45 this multi-carrier signal or multiplexes a signal for sup- 
pressing peak power on at least one of all subcarriers, 
regenerates a multi-carrier signal when peak power ex- 
ceeds a threshold, and can thereby provide a multi-car- 
rier CDMA communication apparatus capable of sup- 
50 pressing reduction of the transmission efficiency and 
suppressing peak power of the multi-carrier signal. 
[0169] This application is based on the Japanese Pat- 
ent Application No.2000-230471 filed on July 31 , 2000, 
entire content of which is expressly incorporated by ref- 
55 erence herein. 
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Industrial Applicability 

[0170] The present invention relates to a multi-carrier 
transmission system communication apparatus and is 
applicable to a multi-carrier CDMA communication ap- 
paratus combining a multi-carrier transmission system 
and CDMA transmission system in particular. 



The multi-carrier CDMA communication apparatus 
according to claim 2, wherein said regenerating 
means uses a random signal as a -signal for sup- 
pressing peak power. 

The multi-carrier CDMA communication apparatus 
according to claim 2, wherein said regenerating 
means uses a signal whose amplitude is quasi-zero 
as the signal for suppressing peak power. 



A multi-carrier CDMA communication apparatus 
comprising: 

converting means for converting an information 
signal with a single sequence to information 
signals with a plurality of sequences subjected 
to spreading processing; 
generating means for generating a multi-carrier 
signal by multiplexing the respective informa- 
tion signals with said plurality of sequences 
subjected to spreading processing on se- 
quence-specific carriers; 
peak power detecting means for detecting peak 
power of said multi-carrier signal; and 
transmitting means fortransmitting only a multi- 
carrier signal whose peak power is not greater 
than a threshold. 



The multi-carrier CDMA communication apparatus 
according to claim 2, further comprising clipping 
means for carrying out clipping processing on a 
multi-carrier signal whose peak power exceeds a 
threshold out of the generated or regenerated multi- 
carrier signals. 

The multi-carrier CDMA communication apparatus 
according to claim 2, wherein said converting 
means comprising: 

sequence converting means for converting an 
information signal with a single sequence to in- 
formation signals with a plurality of sequences; 
and 

spreading means for -carrying out spreading 
processing on said respective information sig- 
nals with a plurality of sequences. 



2. A multi-carrier CDMA communication appa ratus 30 8. 



comprising: 

converting means for converting an information 
signal with a single sequence to information 
signals with a plurality of sequences subjected 
to spreading processing; 
generating means for generating a multi-carrier 
signal by multiplexing the respective informa- 
tion signals with said plurality of sequences 
subjected to spreading processing on se- 
quence-specific carriers; 
peak power detecting means for detecting peak 
power of said multi-carrier signal; and 
regenerating means for regenerating amulti- 
carrier signal when said peak power exceeds a 
threshold by multiplexing a signal for suppress- 
ing peak power instead of an information signal 
on at least one specific carrier out of said car- 
riers. 

The multi-carrier CDMA communication apparatus 
according to claim 2, wherein said generating 
means multiplexes the information signal subjected 
to error correcting coding processing before 
spreading processing out of information signals 
with a plurality of sequences subjected to spreading 
processing on a specific carrier. 



The mu Iti-carrier CD MA comm u n ication apparatus 
according To" claim 2, wherein said converting 
means comprising: 

spreading means for carrying out spreading 
processing on the information signal with the 
single sequence; and 

sequence converting means for converting an 
information signal with a single sequence sub- 
jected to spreading processing to information 
signals with a plurality of sequences. 

Acommunication terminal apparatus equipped with 
a multi-carrier CDMA communication apparatus, 
said multi-carrier CDMA communication apparatus 
comprising: 

converting means for converting an information 
signal with a single sequence to information 
signals with a plurality of sequences subjected 
to spreading processing; 
generating means for generating a multi-carrier 
signal by multiplexing the respective informa- 
tion signals with said plurality of sequences 
subjected to spreading processing on se- 
quence-specific carriers; 
peak power detecting means for detecting peak 
power of said multi-carrier signal; and 
transmitting means fortransmitting only a multi- 
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carrier signal whose peak power is not greater 
than a threshold. 

10. A communication terminal apparatus equipped with 
a multi-carrier CDMA communication apparatus, s 
said multi-carrier CDMA communication apparatus 
Comprising: 

converting means forconverting an information 
signal with a single sequence to information « 
signals with a plurality of sequences subjected 
to spreading processing; 
generating means for generating a multi-carrier 
signal by multiplexing the respective informa- 
tion signals with said plurality of sequences * 
subjected to spreading processing on se- 
quence-specific carriers; 
peak power detecting means for detecting peak 
power of said multi-carrier signal; and 
regenerating means for regenerating a multi- 2 
carrier signal when said peak power exceeds a 
threshold by multiplexing a signal for suppress- 
ing peak power instead of an information signal 
on at least one specific carrier out of said car- 
riers. £ 

11. A base station apparatus equipped with a multi-car- 
rier CDMA communication apparatus, said multi- 
-carrier-CDMA communication-apparatus-compris. — 

ing^ j ^ " 

converting means for converting an information 
signal with a single sequence to information 
signals with a plurality of sequences subjected 
to spreading processing; 
generating means for generating a multi-carrier 
signal by multiplexing the respective informa- 
tion signals with said plurality of sequences 
subjected to spreading processing on se- 
quence-specific carriers; 
peak power detecting means for detecting peak 
power of said multi-carrier signal; and 
transmitting means fortransmitting only a multi- 
carrier signal whose peak power is not greater 
than a threshold. 

12. A base station apparatus equipped with a multi-car- 
rier CDMA communication apparatus, said multi- 
carrier CDMA communication apparatus compris- 
ing; 

converting means for converting an information 
signal with a single sequence to information 
signals with a plurality of sequences subjected 
to spreading processing; 
generating means for generating a multi-carrier 
signal by multiplexing the respective informa- 
tion signals with said plurality of sequences 
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subjected to spreading processing on se- 
quence-specific carriers; 
peak power detecting means for detecting peak 
power of said multi-carrier signal; and 
regenerating means for regenerating a multi- 
carrier signal when said peak power exceeds a 
threshold by multiplexing a signal for suppress- 
ing peak power instead of an information signal 
on at least one specif ic carrier of said carriers. 

13. Amulti-carrierCDMAcommunication method-com- 
prising: 

a converting step of converting an information 
signal with a single sequence to information 
signals with a plurality of sequences subjected 
to spreading processing; 
a generating step of generating a multi-carrier 
signal by multiplexing the respective informa- 
tion signals with said plurality of sequences 
subjected to spreading processing on se- 
quence-specific carriers; 
a peak power detecting step of detecting peak 
power of said multi-carrier signal; and 
; a transmitting step of transmitting only a multi- 

carriersignal whose peak power is not greater 
than a threshold. 

__14._AmulticarrierjCDMAcommunication method com- 
) prising: 

a converting step of converting an information 
signal with a single sequence to information 
signals with a plurality of sequences subjected 
5 to spreading processing; 

a generating step of generating a multi-carrier 
signal by multiplexing the respective informa- 
tion signals with said plurality of sequences 
subjected to spreading processing on se- 
0 quence-specif ic carriers; a peak power detect- 

ing step of detecting peak power of said multi- 
carrier signal; and 

a regeneratingstep of regenerating a multi-car- 
rier signal when said peak power exceeds a 
is thresholdby multiplexing a signal for suppress- 

ing peak power instead of an informationsignal 
on at least one specific carrier of saidcarriers. 
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